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Abstract 
Objective: To analyze the differences in the pain thresholds of the masseter and temporalis 
muscles before and after chewing at the 5th and 10th minutes. Material and Methods: In this 
cross-sectional study, the pain thresholds of the muscles in both sides of 43 non-TMD subjects 
were measured using a digital algometer before and after chewing the bubble gum Xylitol for 5 
and 10 min. The values of the muscles before and after mastication at the 5th and 10th were 
analyzed using Repeated ANOVA. A difference in the values between the left and right sides of 
the muscles were analyzed using independent t-test, and among the age groups using one-way 
ANOVA.  Results: Average pain threshold values were 1.76 and 1.93 KgF/cm2 for the masseter 
and temporalis muscles. ANOVA tests indicated significant differences in the values of the 
muscles before and after mastication at the 5th and 10th min (p=0.000 vs. p<0.001). The 
differences in the values between the left and right sides of the muscles (p>0.05) and among the 
age groups (p>0.05) showed no significant difference. However, the values between temporalis 
and masseter and the values between men and women for each session revealed a significant 
difference (p<0.05). Conclusion: The masseter and temporalis pain threshold values were 
reduced 10 min after chewing. The values in both sides of the masseter and temporalis muscles 
and in different age groups were the same. The temporal muscle and men showed a higher pain 
threshold than the masseter muscle and women, respectively. 
 
Keywords: Temporomandibular Joint Disorders; Pain Threshold; Masseter Muscle.
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Introduction 
Almost all activities in the lives of humans require body movements. Even for eating, 
humans need to move their jaws for masticating and swallowing before the food enters the 
gastrointestinal system. However, excessive mastication activity could be harmful for the muscles in 
the body. In this case, the muscles that are used for mastication are at an increased risk of 
temporomandibular disorders (TMDs), which limit the movement in mastication, decrease the 
productivity, and lower the person’s nutritional intake. Because mastication is an important activity 
for survival, individuals always find ways to prevent pain or injuries that could disturb their eating 
activity [1]. However, most Indonesians still lack awareness of the importance of preventing pain or 
injury in the mastication muscles. Moreover, people are unaware that excessive mastication can be 
harmful to the muscles. Thus, several patients who visit their doctors already have TMD and require 
a complicated, risky, time-consuming, and expensive treatment. 
The presence of muscle pain or increased pain due to muscle palpation on physical 
examination can indicate the source of pain and facilitate diagnosis. The level of pressure from the 
fingers can affect the results of palpation examination, and the patient’s response toward palpation 
may differ from time to time. Muscle palpation has been proven to provide reliable results. Masseter 
and temporalis muscles can be palpated bilaterally to identify differences in size, stiffness, and pain 
threshold. In this study, an algometer, which is a device that determines the amount of pressure 
administered when palpating muscles, was used. This instrument increases the reliability of 
examining pain sensitivity, which in this case is the pain threshold [1]. 
The pain threshold value can be used as a reference to measure the pain thresholds of various 
muscles, including the craniofacial ones such as the masseter and temporal muscles [1,2]. These 
muscles display variations in the pain level, and increased sensitivity is known to play an important 
role in the pathogenesis of the disorders and painful conditions related to the craniofacial area, such 
as TMD and headaches [3,4]. The pain threshold value is found to be lower in subjects with 
disrupted muscles than in healthy subjects [1,2]. However, even under normal conditions and in 
healthy populations, there is a possibility of different muscle sensitivities toward mechanical 
stimulation, which can be measured using an alogemeter. 
The objective of this study was to analyze the values of pain thresholds in the masseter and 
temporal muscles before and after 5 and 10 min of mastication activity.  
 
Material and Methods 
Study Design and Sample 
This research was a cross-sectional design. A total of 43 subjects aged 17-45 years, 
consisting of 20 men and 23 women were willing to participate in the study and fulfilled the 
inclusion criteria. The subjects had to undergo the intraoral and extraoral examination procedures as 
well as the interview about their identity and medical history. The study was performed in Dental 
Hospital of Universitas Indonesia. 
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The subjects were included based on the following criteria: healthy, no TMD (based on ID-
TMD measurement), age 17–45 years, mouth opening (ROM) >40 mm, presence of a complete set of 
teeth, and lateral jaw movement >6 mm [5]. The exclusion criteria was the unwillingness to sign 
the consent form. 
 
Data Collection 
The study measured the pain thresholds of masseter and temporal muscles with an 
algometer before and after a mastication intervention using the bubble gum Xylitol for 5 and 10 min. 
The algometer tip was positioned in the masseter and temporal muscles until the individual 
described the pain. The value shown by the algometer was considered as pain threshold. Data 
collection were performed by a single experienced examiner. 
 
Ethical Aspects 
The research has been approved by Bioethics Committee Faculty of Dentistry University of 
Indonesia (Number: 8/Ethical Approval/FKGUI/II/2017) on February 13th 2017. 
 
Data Analysis 
The values of the muscles before and after mastication at the 5th and 10 th were analyzed 
using Repeated ANOVA. A difference in the values between the left and right sides of the muscles 
were analyzed using independent t-test, and among the age groups using one-way ANOVA. 
However, the values between temporalis and masseter and the values between men and women for 
each session were analyzed using independent t-test. All the tests were conducted with SPSS version 
22 20 (IBM Corp., Armonk, NY, USA), with a 5 % significance level. 
 
Results 
The respondents’ distribution based on the sociodemographic status is shown in Table 1. 
The number of women participants was higher and respondents aged 26-35 years (young adults) 
were the majority. 
 
Table 1. Distribution of subjects by sex and age. 
Variables N % 
Sex   
Male 20 46.5 
Female 23  53.5 
Age   
Late Teen (17–25 Years) 18 41.9 
Young Adult (26–35 Years) 20 46.5 
Late Adult (36–45 Years) 5 11.6 
 
Data collected from the pain threshold examination using an algometer were later tested for 
their normality. The results of repeated ANOVA from the normally distributed data are presented in 
Table 2. 
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Based on multivariate testing, it can be concluded that at least 2 measurements were 
different; thus, a post-hoc pairwise comparison test was performed to know which sessions were 
different by comparing the previous measurement of before mastication with after 5 min, before 
mastication with after 10 min, and after 5 min of mastication with after 10 min. All data have a 
statistically significant difference in the pain thresholds of the temporal and masseter muscles that 
were measured before mastication and after 5 min, before mastication and after 10 min, and after 5 
min, and 10 min of mastication. 
 
Table 2. Mean and standard deviation before and after mastication according to time. 
Muscle Time Mean (SD) KgF p-value* 
Left Temporalis Before Mastication 1.93 (0.16) <0.001 
 After Mastication at 5 Minutes 1.88 (0.15)  
 After Mastication at 10 Minutes 1.82 (0.15)  
    
Left Masseter Before Mastication 1.80 (0.15) <0.001 
 After Mastication at 5 Minutes 1.78 (0.15)  
 After Mastication at 10 Minutes 1.70 (0.15)  
    
Right Temporalis Before Mastication 1.92 (0.15) <0.001 
 After Mastication at 5 Minutes 1.87 (0.15)  
 After Mastication at 10 Minutes 1.80 (0.15)  
    
Right Masseter Before Mastication 1.79 (0.16) <0.001 
 After Mastication at 5 Minutes 1.73 (0.15)  
 After Mastication at 10 Minutes 1.67 (0.15)  
*Repeated ANOVA test; Post-hoc analysis. 
 
Data regarding the difference between the pain thresholds of the masseter and temporal 
muscles on the same side in each session are displayed in Table 3. 
 
Table 3. Difference of pain threshold between masseter and temporal muscles at the same side in each 
session. 
Time Muscle Mean (SD) KgF p-value 95% CI 
Before Mastication Left Temporalis 1.93 (0.16) 0.001 0.12 (0.05–0.19) 
 Left Masseter 1.80 (0.15)   
 Right Temporalis 1.92 (0.15) 0.000 0.14 (0.07–0.20) 
 Right Masseter 1.79 (0.16)   
After Mastication at 5 minutes Left Temporalis 1.88 (0.15) 0.000 0.15 (0.09–0.22) 
 Left Masseter 1.73 (0.15)   
 Right Temporalis 1.87 (0.15) 0.000 0.14 (0.75–0.20) 
 Right Masseter 1.73 (0.15)   
After Mastication at 10 minutes Left Temporalis 1.82 (0.15) 0.001 0.11(0.05–0.18) 
 Left Masseter 1.70 (0.15)   
 Right Temporalis 1.80 (0.15) 0.000 0.13 (0.06–0.19) 
 Right Masseter 1.67 (0.15)   
Independent T-Test. 
 
There were significant differences between the pain thresholds of the temporal and masseter 
muscles on each side before mastication, after 5 min of mastication, and after 10 min (p<0.05) (Table 
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4). There were significant differences in the pain thresholds between the left and right temporal 
muscles, as well as in the left and right masseter muscles before mastication, after 5 min, and after 10 
min (p<0.05). 
Data regarding the difference between the pain thresholds of men and women for each 
muscle are presented in Table 5. There was a statistically significant difference between the pain 
thresholds of men and women in all the muscles before mastication, after 5 min, and after 10 min 
(p<0.05). 
 
Table 4. Difference of pain threshold between the right side and left side of each muscle in each 
session. 
Time Muscle Mean (SD) KgF p-value 95% CI 
Before Mastication Left Temporalis 1.92 (0.20) 0.603 -0.02 (-0.12–0.07) 
 Right Temporalis 1.94 (0.25)   
 Left Masseter 1.75 (0.21) 0.946 -0.03 (-0.12–0.11) 
 Right Masseter 1.76 (0.31)   
After Mastication at 5 minutes Left Temporalis 1.86 (0.19) 0.514 -0.03 (-0.12–0.06) 
 Right Temporalis 1.89 (0.24)   
 Left Masseter 1.75 (0.27) 0.568 0.03 (-0.08–0.15) 
 Right Masseter 1.72 (0.30)   
After Mastication at 10 minutes Left Temporalis 1.43 (0.27) 0.265 -0.06 (-0.18–0.05) 
 Right Temporalis 1.50 (0.29)   
 Left Masseter 1.27 (0.27) 0.662 0.03 (-0.11–0.17) 
 Right Masseter 1.24 (0.24)   
Independent T-Test. 
 
Table 5. Difference in pain threshold between male and female subjects. 
Muscle Sex Mean (SD) KgF p-value 95% CI 
Left Temporalis Before Mastication Male 1.99 (0.14) 0.013 0.11 (0.02–0.2) 
 Female 1.87 (0.14)   
Left Masseter Before Mastication Male 1.88 (0.13) 0.003 0.13 (0.04–0.22) 
 Female 1.74 (0.14)   
Right Temporalis Before Mastication Male 1.98 (0.14) 0.011 0.11 (0.02–0.2) 
 Female 1.86 (0.14)   
Right Masseter Before Mastication Male 1.87 (0.11) 0.000 0.16 (0.8–0.24) 
 Female 1.71 (0.14)   
Left Temporalis at 5 Minutes Male 1.94 (0.14) 0.013 0.11 (0.02–0.2) 
 Female 1.83 (0.14)   
Left Masseter at 5 Minutes Male 1.84 (0.12) 0.007 0.11 (0.03–0.2) 
 Female 1.72 (0.14)   
Right Temporalis at 5 Minutes Male 1.93 (0.14) 0.013 0.11 (0.02–0.2) 
 Female 1.81 (0.14)   
Right Masseter at 5 Minutes Male 1.81 (0.11) 0.000 0.16 (0.07–0.24) 
 Female 1.65 (0.14)   
Left Temporalis at 10 Minutes Male 1.88 (0.14) 0.018 0.1 (0.1–0.19) 
 Female 1.77 (0.14)   
Left Masseter at 10 Minutes Male 1.77 (0.12) 0.004 0.12 (0.04–0.21) 
 Female 1.65 (0.15)   
Right Temporalis at 10 Minutes Male 1.86 (0.13) 0.006 0.12 (0.03–0.21) 
 Female 1.73 (0.14)   
Right Masseter at 10 Minutes Male 1.75 (0.11) 0.001 0.15 (0.07–0.23) 
 Female 1.59 (0.14)   
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There was no difference in pain threshold between the 3 age groups in each session (p>0.05) 
(Table 6). 
 
Table 6. Difference in pain threshold among age groups. 
Muscle Age N Mean (SD) KgF p-value 
Temporalis Left Before Mastication Late Teen 18 1.97 (0.16) 0.249 
 Young Adult 20 1.90 (0.14)  
 Late Adult 5 1.86 (0.13)  
Masseter Left Before Mastication Late Teen 18 1.85 (0.14) 0.174 
 Young Adult 20 1.78 (0.15)  
 Late Adult 5 1.72 (0.14)  
Temporalis Right Before Mastication Late Teen 18 1.96 (0.15) 0.236 
 Young Adult 20 1.89 (0.15)  
 Late Adult 5 1.86 (0.14)  
Masseter Right Before Mastication Late Teen 18 1.82 (0.15) 0.153 
 Young Adult 20 1.78 (0.15)  
 Late Adult 5 1.67 (0.16)  
Temporalis Left at 5 Minutes Late Teen 18 1.92 (0.15) 0.223 
 Young Adult 20 1.85 (0.15)  
 Late Adult 5 1.81 (0.13)  
Masseter Left at 5 Minutes Late Teen 18 1.82 (0.13) 0.186 
 Young Adult 20 1.76 (0.14)  
 Late Adult 5 1.69 (0.14)  
Temporalis Right at 5 Minutes Late Teen 18 1.92 (0.16) 0.200 
 Young Adult 20 1.84 (0.14)  
 Late Adult 5 1.80 (0.13)  
Masseter Right at 5 Minutes Late Teen 18 1.76 (0.14) 0.171 
 Young Adult 20 1.73 (0.15)  
 Late Adult 5 1.61 (0.15)  
Temporalis Left at 10 Minutes Late Teen 18 1.86 (0.15) 0.253 
 Young Adult 20 1.80 (0.14)  
 Late Adult 5 1.76 (0.14)  
Masseter Left at 10 Minutes Late Teen 18 1.75 (0.14) 0.173 
 Young Adult 20 1.69 (0.15)  
 Late Adult 5 1.62 (0.14)  
Temporalis Right at 10 Minutes Late Teen 18 1.84 (0.14) 0.223 
 Young Adult 20 1.76 (0.16)  
 Late Adult 5 1.75 (0.14)  
Masseter Right at 10 Minutes Late Teen 18 1.69 (0.14) 0.156 
 Young Adult 20 1.67 (0.15)  
 Late Adult 5 1.55 (0.15)  
One-way ANOVA test. 
 
Discussion 
This study was performed on 43 subjects, who were bachelor’s degree students and resident 
doctors in the Faculty of Dentistry, Universitas Indonesia, thereby allowing all data collection to be 
performed in the same location. 
All the subjects were expected to have a decreased pain threshold score in the temporal and 
masseter muscles after 10 min of mastication activity, and a valid score was obtained before it went 
back to normal. The main hypothesis was that there would be a significant difference in the pain 
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thresholds of the muscles before and after mastication activities. This is aligned with the previous 
studies in which a significant change in the pain threshold was observed when comparing the scores 
before and after mastication activity. This study further supports the earlier reports that stated a 
significant difference in pain threshold after the mastication activity [6,7]. 
Examination of both the temporal and masseter muscles on each side revealed a similar 
pattern in the pain threshold, with decreased pain threshold from before and after mastication. In 
previous studies, it was reported that the masseter muscle is more sensitive and that this anatomical 
area is the most appropriate one to be used as a pain predictor when compared with others, including 
the temporal muscle. This is because the masseter muscle has more receptors and blood vessels than 
the temporal muscle. We attempted to find the difference in the pain threshold between the masseter 
and temporal muscles on each side and found significant differences for each session. Furthermore, 
we calculated the mean pain threshold value for the masseter muscle (1.76 KgF/cm2) and the 
temporal muscle (19.93 KgF/cm2) in non-TMD subjects. Thus, it can be concluded that there was a 
significant difference in the pain thresholds of the two muscles. A different measuring device 
protocol of DC/TMD, created in 2014, stated that the ideal pressure on the temporal and masseter 
muscles were both 1 KgF/cm [4,5]. 
Regarding the difference in pain threshold between the left and right sides of the temporal 
and masseter muscles, we found no significant difference between the two sides of both the muscles 
before and after mastication. This may be because we did not include potential subjects with teeth 
loss and those with the habit of masticating on one side owing to tooth loss on the other side. These 
factors may affect our study results for pain threshold, because previous studies stated that there is a 
low pain threshold on the masticating side, especially with a long duration of mastication [8]. 
The next hypothesis is that there is a significant difference in the pain threshold between 
men and women, with men usually showing a higher threshold in the temporal and masseter muscles 
after masticating [9,10]. Several investigations have reported that gender is a determining factor in 
pain sensation and, although the underlying mechanism has been extensively studied, the exact 
physiological and psychological reasons remain unclear and need to be further explored. In this 
study, we found a significant difference when measuring the pain threshold before and after 
mastication, in all areas of the muscles used for mastication after comparing men and women had a 
significant difference. 
The last hypothesis is that there is a significant difference in pain threshold between the 3 
age groups of late teenagers, young adults, and late adults. However, this study did not determine 
any significant difference between the age groups before and after 5 and 10 min of mastication. This 
may be due to the results being affected by the limited number of samples. In research performed 
previously, no correlation was noted between age and pain threshold for all healthy subjects [11,12]. 
The limitation of the current study was only examining the temporalis and masseter 
muscles, and not including other masticatory muscles such as digastricus, mylohyoid, geniohyoid, 
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stylohyoid, lateral pterygoid and medial pterygoid. The subjects were less varied because only 
healthy subjects that are included, without TMD subjects. 
The implication of this study is by knowing the value standards of pain threshold before and 
after chewing, we can do the early detection of temporomandibular disorder (TMD) as soon as you 
found the symptoms like pain so they are more easily diagnosed and treated since TMD can lead to 
more serious conditions. The pain threshold over the masseter muscle, demonstrating that patients 
with more severe signs and symptoms of TMD have a lower pain threshold [13-15]. 
 
Conclusion 
Our results indicated a significant decrease in the pain thresholds of the masseter and 
temporal muscles before and after masticating for 5 and 10 min. The pain threshold scores of the left 
and right muscles in each age group were the same, while the scores of the temporal muscle was 
higher than that of the masseter muscle. Moreover, there was a significant difference in the pain 
threshold between the genders with men have higher thresholds than women. The average can be 
used as a standard value for pain threshold. 
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